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Thin Film Devices Used as Oxygen Partial Pressure Sensors 


The use of thin films of zinc oxide to measure the 
oxygen pressure of specific environments as a function 
of conductance is relatively new. The method is useful 
in that the simplicity, low power, and large dynamic 
range will allow improved pressure sensing. This 
information should prove interesting to industries 
involved in monitoring or detecting oxygen levels 
at high temperatures. 

The research effort centered in two major areas: 
preparing and characterizing zinc oxide and tin oxide 
films to be used for oxygen sensing elements; and 
designing and constructing a laboratory model suit- 
able for evaluating thin films for sensing oxygen 
partial pressure. 

Zinc oxide films were successfully prepared at ele- 
vated temperatures and studied experimentally and 
theoretically. Their electrical conductivity was meas- 
ured as a function of temperature, oxygen partial 
pressure, and other atmospheric constituents. The 
time response following partial pressure changes was 
also studied as a function of temperature and environ- 
mental changes. Using the results, an oxygen partial 
pressure sensor was fabricated utilizing zinc oxide 
films. 

Tin oxide doped with zinc was’also investigated and 
found to be sensitive to oxygen partial pressures 
at temperatures less than 300°C. The tin oxide films 
exhibited more instability than films of zinc oxide, 
but had much shorter response times. Due to the dif- 
ficulty in preparing the zinc doped tin oxide films and 
their instability, further effort in this area was dis- 
continued in favor of the more promising zinc oxide 
films. 

To illustrate the feasibility of using thin films as 
oxygen sensing elements, a laboratory model was fab- 
ricated and evaluated. The oxygen partial pressure sen- 


sor consisted of a heater, electrical readout, and tem- 
perature controller. The entire unit required approx- 
imately seven watts of power. 

In testing the laboratory model, no failures were 
observed indicating a sensor lifetime of several 
months. The use of thin films as oxygen sensors made 
it feasible for the sensing head to be very small and 
lightweight. The sensing head for the laboratory model 
weighed approximately 30 grams and occupied 30 cm 3 . 

Additional laboratory models proved to be rugged, 
stable, and capable of a wide sensing range of oxygen 
partial pressures from less than l mm Hg to greater 
than one atmosphere. Time constants of approxi- 
mately one minute were possible, and a 63 percent 
value of the oxygen partial pressure was obtained. 
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